The purpose of this meta-analysis was to examine the effects of writing intervention on students' mathematical attainment based on their achievement (mathematics standardized test scores) and their attitudes toward mathematics (mathematical motivation and interest). Twelve studies with 19 effect sizes were selected for inclusion in the present meta-analysis. Results indicated that the overall effect size equalled 0.42. The small sample size (12 studies) in the present meta-analysis limits the generalizations that might be made regarding the overall impact of writing intervention on students' mathematical attainment. However, the implication from the present study is that integrating writing into mathematics classrooms can be a useful instructional strategy to increase students' mathematics success.
INTRODUCTION
The National Council of Teachers of Mathematics (NCTM) emphasized the importance of communication by placing communication in two of its calls for proposals in 1989 and 2000. The council, through these two calls, conveyed the idea that communication is an integrated part of mathematics classrooms and that it is crucial for students to be able to communicate their mathematical ideas to clarify and develop their mathematical thinking and understanding (NCTM 1989 (NCTM , 2000 . Through language, students in mathematics classrooms convey their thoughts to others and construct a model of their mathematical thinking (Sierpinska 1998 ). Neria and Amit (2004) conducted a study to determine students' mathematical communication preferences. They found that only high achieving students preferred to use the algebraic communication mode when representing their mathematical solutions. Cai et al. (1996) also reported that students preferred to represent their mathematical solutions verbally rather than in algebraic or geometric form. NCTM (2000) reported that all school-aged students in mathematics classrooms should not only be able to communicate by using algebraic and geometric modes of mathematical communication, but also be able to share their mathematical reasoning with others. Later, Nathan and Koedinger (2000) revealed that students preferred to explain their reasoning in non-algebraic modes because algebraic modes were too abstract, and the abstract quality of algebraic modes made mathematical communication difficult for the students (Hembree 1992 ). To enable not only high achieving students but all students to communicate mathematically, writing needs to be integrated into mathematics classrooms.
Integrating writing into mathematics classrooms has recently received increased attention (Meiner & Rishel 1998) . Seto and Meel (2006) highlighted the importance of writing by emphasizing one of the crucial changes over recent decades in mathematics teaching and learning: writing has been integrated into an increasing number of mathematics classrooms as a communication tool (Bicer, Capraro, & Capraro 2013) . Incorporating written communication in mathematics classrooms is important because it provides students with a tool to reflect their mathematical reasoning and involves the mathematical community (Fried & Amit 2003; Morgan 1994) . Therefore, writing needs specific attention in mathematics classrooms to increase students' communication and make their mathematics learning meaningful by requiring them to actively use mathematical vocabulary, phrases, shapes, and meanings (Thompson & Rubenstein 2000) in real-life contexts.
Using Writing as a Tool in Mathematics
Writing has received growing attention in mathematics classrooms because it helps develop students' mathematical content learning (Meel, 1999) and problem-solving skills (Bagley & Gallenberger, 1992) . Integrating writing into mathematics classrooms improves students' problem-solving skills because it requires students to reflect on their mathematical thinking during the problem-solution process (Bangert-Drowns, Hurley, & Wilkinson 2004) . Through writing, students collect, scrutinize, and interpret various problemsolution processes, thus enabling them to externalize internal mathematical reasoning for direct interpretation (Nahrgang & Petersen 1986) . Duke and Pearson (2002) and Haneda and Wells (2000) found that students in mathematics classrooms with writing intervention had deeper mathematical comprehension than students in mathematics classroom without writing, and Kreeft (1984) found that students' metacognition developed as they became aware of and controlled their mathematical ideas and understanding through writing.
Writing in mathematics classrooms is helpful practice because it provides students an opportunity to represent their processes of mathematical reasoning, such as analysing data, comparing and contrasting mathematical problems, and synthesizing relevant mathematical information (Emig, 1977) . Bicer et al. (2013) noted that mathematical questions are occasionally complex or troublesome for some students to solve because they may have difficulties organizing their thoughts using algebraic or geometric language. However, writing can assist these students in organizing their mathematical thinking process to attain mathematical products or outcomes; as a result, writing helps them become successful problem solvers, even when they face mathematical questions that require a complex solution process. "Thus, the writing process may encourage students to solve difficult problems because writing makes difficult problems more concrete rather than an abstract or imaginary thing" (Bicer et al., 2013, 366) . Because writing requires students to represent their mathematical reasoning, their mathematical thinking becomes more concrete, original, and insightful (Nagin, 2003) .
The benefits for students who are exposed to writing in mathematics classrooms are well-documented; to summarize, writing in mathematics classrooms fosters students' reasoning skills (Swafford and Bryan 2000) by converting more complex mathematical questions into concrete ones and develops their metacognition (Kreeft, 1984; Stanton, 1984) by providing opportunities for them to see what and how they know mathematical terms, axioms, or theorems (Bicer et al., 2013) . Although researchers have acknowledged the importance of writing in mathematics and have examined the impact of writing intervention on student learning (Bangert-Drowns et al., 2004; Bicer et al., 2003; Nagin, 2003; NCTM, 2000) , researchers have yet to conduct meta-analyses in which they focus solely on the effects of writing intervention on students' mathematical attainment. Thus, the aim of this meta-analysis was to examine the impact of writing practices on students' mathematical attainment based on their achievement (mathematics standardized test scores) and their attitudes towards mathematics (mathematical motivation and interest).
METHODS

Study Identification
Literature search
The primary research question of the present study was the following: How does writing intervention affect students' mathematical attainment? To address our research question the researchers applied a meta-analytic technique. Meta-analysis is a useful tool in compiling crucial insight from what might otherwise be a disparate literature (Bangert-Drowns, Hurley, & Barbara 2004) . The electronic databases of ERIC, JSTOR, CrossRef, pyschINFO, proQest, as well as online resources, such as Google and Google Scholar were searched to compile data for the present study. The researchers searched for relevant studies using the following keywords: "writing in mathematics", "writing in mathematics classrooms", "integrating writing into mathematics", "writing to learn mathematics", "writing and students' attitudes towards mathematics", "mathematical writing", and "writing and mathematics". The abstract of each study was reviewed, and the studies were accepted based on the following inclusion and exclusion criteria.
Inclusion and exclusion criteria
Experimental and/or quasi-experimental studies that met the following inclusion criteria were included in the present meta-analysis: (1) published in English; (2) measured students' mathematics achievement and mathematics attitudes; (3) involved students in grades K-12 and college; (3) published in 1989 or later, as NCTM (1989) emphasized the importance of writing in mathematics classrooms; (4) included examinations of students' academic performance in algebra, geometry, or calculus as measured by a standardized test score or; (5) included examinations of students' attitudes towards mathematics, including mathematical motivation and interests; (6) included use of journal writing or exploratory writing as an intervention in mathematics classrooms; (7) and published in peer-reviewed journals. The researchers also performed a backwards search using the studies cited in other articles to locate additional sources. After finding too few articles when they focused solely on students' mathematics achievement, it was necessary for the researchers to broaden their scope of analysis to include studies in which students' attitudes toward mathematics were examined. Therefore, in the current study, the researchers defined students' mathematical attainment with measures of mathematics achievement and attitudes. Upon completion of the entire search process, they had located 12 quantitative and mixed method studies that examined the impact of writing intervention on students' mathematics success.
Studies that lacked any of the inclusion criteria were excluded from the present meta-analysis. A large number of studies were excluded from this meta-analysis because they focused on the impact of writing in subjects other than mathematics. Studies that focused on teachers or classroom effectiveness were also excluded from the present meta-analysis. See Figure 1 for a flowchart diagram for selection of the studies.
Extraction of Descriptive Information and Inter-rater Agreement
Each study was coded independently by the researchers using coding sheets to document the following information: author name, sample size, grade, feedback, length of writing intervention, types of writing intervention, and place of writing intervention. After initial coding of the studies by the first and second authors, another researcher evaluated any points of disagreement, and studies were included in the current meta-analysis once the disagreements were resolved. The inter-rater agreement related to determining the continuous variables was 0.95, which was an excellent agreement.
Analysis
Effect sizes
Standard mean differences were used to compute Cohen's d effect sizes from means, standard deviations, and sample sizes. The effect size for each study was calculated based on students' pre-and post-test scores for mathematics achievement and attitudes. If there was more than one effect size within a single study, the effect sizes were combined and averaged. For example, if one study included an effect size for middle school female students' geometry scores and an additional effect size for their algebra scores, the two effect sizes would have been combined and averaged to determine their overall mathematics achievement; in this instance, there would be a single, averaged effect size. However, when a study contained effect sizes for different groups, such as one effect size for female students and one effect size for male students, we reported or calculated each effect size as an individual study. To correct for sampling bias, all effect sizes were converted to Hedges's g effect size, and the 95% confidence interval was then calculated (Cohen, 1988 (Lipsey & Wilson 2001) . A weighting procedure was applied to each study's effect size based on its sample size to produce a weighted Hedges's g, and the associated standard error for the effect size was also computed. Using the effect sizes from all of the studies, the researchers were able to calculate an overall mean effect size and standard error (Cooper, 2010; Lipsey & Wilson, 2001 ) for the present meta-analysis.
Random-effects Model and Moderator Analyses
Random-effects model
Because the studies' characteristics functionally differed, a random-effects model was used. Therefore, it was expected that the true effect size would be different. Selecting a random-effects model was also desirable in the present study, as the goal was to compute the common effect size to generalize the results to other populations. The random-effects model allowed the researchers to generate generalized results that were not found in the studies included in the current meta-analysis. In order to determine substantial outliers, we constructed a funnel plot. The funnel plot was arranged as a 95% confidence interval around each of the effect sizes.
Moderator analyses
During the analysis of the articles, several potential moderators related to the studies were also examined. After reading the selected studies, the researchers found four potential variables functioning as moderators within the studies: (1) the division of students into two groups based on whether they received feedback or not; (2) the place students performed writing, divided into two groups: classroom and classroom and home; (3) types of writing students performed in mathematics classrooms, divided into two groups: exploratory writing and journal writing; (4) grades levels, divided into two groups as K-12 and college. As an indicator of homogeneity, Cochran's heterogeneity Q-statistic was used. Based on statistically significant results of Cochran's heterogeneity Q-statistic for overall studies, possible moderators were categorized and analysed between and within the subgroups. Forest plots were also used to illustrate the relative strength of intervention with their 95% confidence interval (CI).
FINDINGS Participant Characteristics
A total of 120 studies were identified during our electronic search. After reviewing titles and abstracts based on the inclusion and exclusion criteria, and removing duplicates, 12 studies with 19 effects sizes were included in this current meta-analysis. This meta-analysis contained more effect sizes than the number of studies it included because some of the included studies reported different effect sizes for different groups. In such studies, effect sizes of different groups were reported for the same construct; in the current study, each of these instances was calculated and reported as one effect size. Table 1 displays each study's sample size, grade, feedback, length of writing intervention, types of writing intervention, and place of writing intervention. All studies were randomized controlled trials comparing to a waitlist. These studies' sample sizes varied. The studies with the smallest sample sizes were Parson (2011) with (n = 22) participants and Ross and Dixon (1994) with n = 16. The study with the largest sample size was Buaman (1994) with n = 182. Overall, the total sample size was 1480.
The age of participants varied from 10 to 24.
Treatment Efficacy
Results of a random-effects model on the current study showed quite a range in effect size values. The results extended from a low value of -0.137 to a high of 1.74. Within this range, only two effect sizes were negative. The overall mean of the weighted effect sizes was statistically significant (g = 0.42, 95 % CI 0.18, 0.65, z = 3.50, p< .05) with significant heterogeneity [Q (18) Figure 2 for treatment effect sizes. 
Figure 2. Funnel plot of included studies
Funnel plots were used for causal inspection. The funnel plot in Figure 2 shows four outliers among the 19 effect sizes in the present study: 1) Bauman (1992) , 2) Jurdak and Zein (1998), 3) Bicer, Capraro, and Capraro (2013) , and 4) Bicer et al. (2013) . Several of these outliers, Bauman (1992), Bicer et al. (2013) , and Bicer et al. (2013) , were close to the upper and lower boundary of the confidence interval. However, Jurdak and Zein (1998) was a substantial outlier for the construct of mathematical communication and representation; this outlier can be seen in the middle right side of Figure 2 . In addition, among these four outliers, only Bauman (1992) had a negative effect size (Hedges's g = -0.14) and a relatively large sample size (N = 182) for the construct of mathematics achievement. Based on the results of the funnel plot, only Jurdak and Zein (1998) was determined a substantial outlier. Removing the study reduces the overall effect size, but the effect size was still statistically significant (g = 0.33, 95 % CI 0.15, 0.52, z = 3.54, p<.05). See Figure 3 for the funnel plots.
Moderator Analysis
The effects of feedback
The first moderator was used to determine whether or not there were any differences in effect sizes between studies in which students received feedback and those in which they did not. Effect sizes did not significantly differ between instances in which feedback was and was not provided: feedback (g = 0.40 % CI 0.16, 0.64, z = 3.22, p<.05), no feedback (g = 0.44, 95 % CI 0.10, 0.79, z = 2.49, p<.05). Removing the outlier did not cause significant changes in the results. Results of Q-statistics demonstrated that the Q-between was not statistically significant [QB (1) = 0.04, p>.05], meaning that the moderator variables (i.e., receiving feedback and not receiving feedback) did not explain differences between the effect sizes. Furthermore, the Q-within was statistically significant [QW (15) = 82.26, p<.05], indicating that the variation among the effect sizes was not due to sampling error, and there were no significant differences within the studies.
Researchers used the second moderator analysis to examine any differences in effect sizes based on where each writing assignment was completed (i.e., classroom or both classroom and home). In terms of location, effect sizes significantly differed between classroom intervention and classroom and home intervention; the results were (g = 0.29 % CI 0.01, 0.59, z = 0.9, p>.05) for classroom intervention and (g = 0.70, 95 % CI 0.40, 1.01, z = 4.54, p<.05) for classroom and home intervention. Removing the outlier did not cause a significant difference in these effect sizes, and after its removal, there were still statistically significant differences between the intervention locations. Q-statistics also demonstrated the significant differences between the groups [QB (1) = 16.89, p<.05]. Q-statistics within the groups were also statistically significant [QW (16) = 65.81, p<.05], which suggested that writing location could explain differences between studies' effect sizes and indicated that effect-size variation was not due to sampling error. The third moderator analysis was used to analyse whether or not there were any differences in effect sizes between journal writing intervention and exploratory writing intervention. There was a statistically significant difference in effect sizes between journal writing intervention and exploratory writing intervention; the results were (g = 0.26 % CI 0.14, 0.93, z = 4.05, p<.05) for journal writing intervention and (g = 0.58, 95 % CI 0.25, 0.92, z = 3.40, p<.05) for exploratory writing intervention. Removing the outliner did not cause statistically significant changes in effects sizes across types of writing. Differences between journal writing intervention and exploratory writing intervention were also found statistically significant with Q-Statistics [QB (1) = 9.70, p<.05], which suggested that effect-size variation was not due to sampling error. Studies within the groups had homogeneity [QW (16) = 73.00, p<.05], which suggested that types of writing in mathematics could explain differences between studies' effect sizes.
The fourth and last moderator analysis was used to examine any differences in effect sizes based on grade levels K-12 and those after K-12 (college). Effect sizes significantly differed between K-12 and post-secondary education (college); K-12 results were (g = 0.48 % CI 0.18, 0.79, z = 3.09, p<.05) and college results were (g = 0.24, 95 % CI -0.04, 0.52, z = 1.68, p>.05). Removing the outlier did not cause statistically significant changes in effects sizes across grade levels. This analysis produced statistically significant differences between and within grade levels [QB (1) 
DISCUSSION AND CONCLUSIONS
The ultimate research question the researchers sought to answer through this meta-analysis was the following: What impact does writing intervention have on students' mathematical attainment? The results of the study indicated that writing intervention has a significantly positive effect on students' mathematical attainment: the overall effect size was 0.42, and the average of the weighted mean effect sizes was 0.367 with SD = 0.053. As cited in Cooper (2010) and Lipsey and Wilson (2001) , Cohen identified any effect size between 0.20 and 0.80 as a medium effect size. Therefore, the weighted mean effect size computed here reflects a medium effect of writing intervention on students' mathematical attainment. However, many of the studies were excluded from this analysis because they did not report the appropriate statistics. Cooper (2010) noted that other analyses might not have been published due to non-significant results. Additionally, the current study presents only 12 studies about the effects of writing intervention on students' success; thus, any results of this meta-analysis need to be considered cautiously. These limitations restrict the overall impact of writing intervention on students' mathematics achievement to which the results of the present meta-analysis can be generalized.
Three of the four moderator analyses conducted in this meta-analysis helped to clarify the reasons for the variation in effect sizes. These three moderator analyses were the following: 1) the location where the writing intervention occurred, 2) the types of writing intervention, and 3) the grade level. However, the other moderator analysis, "receiving feedback or receiving no feedback," did not help to clarify the reasons for the variation in effect sizes. The Q-tests (within in all four moderators) also made clear that assuming a randomeffects model for these moderator analyses is appropriate because the variation in the effect sizes cannot be explained solely by sampling error.
In light of the present study's findings, it is important that teachers who want to integrate writing into their classroom consider the moderators or factors that influence the differential effects on students' mathematical attainment. Teachers should enable students to engage with mathematical writing in both classroom and home settings to help students acquire the potential benefits of writing intervention on their mathematical attainment. It is also important to point out that integrating writing in mathematics classrooms is more beneficial during K-12 years than it is in college; college students can be more aware of their mathematical weaknesses, misconceptions, and misbeliefs than K-12 students. Writing intervention can increase K-12 students' metacognition by helping them become aware of what their own mathematical strengths and weakness are. This difference can also be explained by the other finding of the present study: students who participated in exploratory writing intervention showed greater mathematical attainment than their counterparts who received journal writing intervention. During exploratory writing intervention, students explore new mathematical ideas and have a chance to connect these ideas to their previous mathematical knowledge. This makes students' mathematical understanding more meaningful, and this might be the reason why exploratory writing intervention is more helpful for students to understand mathematics content than journal writing intervention. Therefore, teachers should incorporate more exploratory writing within mathematics classrooms. If the sphere of literature in this meta-analysis were
